Targeting heat-shock protein 90 improves efficacy of rapamycin in a model of hepatocellular carcinoma in mice.
Hepatocellular carcinoma (HCC) remains associated with a poor prognosis, but novel targeted therapies in combination with anti-angiogenic substances may offer new perspectives. We hypothesized that simultaneous targeting of tumor cells, endothelial cells, and pericytes would reduce growth and angiogenesis of HCC, which represents a highly vascularized tumor entity. Recently, because of their anti-angiogenic properties, inhibitors of mammalian target of rapamycin (mTOR) have entered clinical trials for therapy of HCC. However, treatment with mTOR inhibitors may lead to paradoxical activation of Akt signaling in tumor cells via insulin-like growth factor-I receptor (IGF-IR)-dependent and IGF-IR-independent mechanisms. Because we have recently identified heat shock protein 90 (Hsp90) antagonists to impair both oncogenic and angiogenic signaling cascades in tumor cells, including Akt and IGF-IR, we sought to investigate whether Hsp90 blockade could improve growth-inhibitory and anti-angiogenic effects of the mTOR inhibitor rapamycin. Human HCC cells, a murine hepatoma cell line, endothelial cells (ECs), and vascular smooth muscle cells (VSMC) were employed in experiments. Results show that dual inhibition of mTOR and Hsp90 leads to effective disruption of oncogenic signaling cascades and substantially improves growth-inhibitory effects in vivo. Importantly, blocking Hsp90 abrogated the rapamycin-induced activation of Akt and of the downstream effector nuclear factor kappa-B (NF-kappaB) in HCC tumors. Furthermore, Hsp90 inhibition reduced the expression of platelet-derived growth factor-receptor-beta (PDGF-Rbeta) on VSMCs, and diminished vascular endothelial growth factor-receptor 2 (VEGFR-2) expression on ECs, which further improves the anti-angiogenic capacity of this regimen. Blocking Hsp90 disrupts rapamycin-induced activation of alternative signaling pathways in HCCs and substantially improves the growth-inhibitory effects of mTOR inhibition in vivo. Hence, the concept of targeting tumor cells, ECs, and VSMCs by blocking Hsp90/mTOR could prove valuable for treatment of HCC.